A current study regarding the development of a rehabilitation device for lower extremity is presented. The device is specifically designed for rehabilitation of post-stroke patients who encounter walking weakness. The rehabilitation device is categorized as an active device that is power-driven by a DC motor. Its design was the outcome of improvements to counter the problems existed in the a newly developed prototype. A motion simulation was used to ratify the motion capability of the proposed design in the modelling design process. Analysis of kinematic and dynamic behavior of the motion simulation has been carried out. The smoothness of the mechanical movement and the linear velocity provided by the device are acceptable as additional work of the design process. Based on a statistical analysis, the study found that there is no significant difference from the motor torque requirement even though the angular velocity of the motor was changed substantially.
Introduction
There is a lot of rehabilitation devices designed with powered exoskeleton concept to enhance the effectiveness of physical therapy. A powered exoskeleton is a mobile machine that has an exoskeleton-like framework with at least some parts of the limb-movement is powered by a power supply. Exoskeleton is used to describe a device that augments the performance of an able-bodied wearer. In general, a powered exoskeleton is the mechanical devices that fit closely to the body and work in concert with the operator's movements. To make the device acts as an effective instrument for the rehabilitation therapy, the device needs to be able to move as close as possible like a human limb motion. Therefore, a lot of concepts are used to actuate the rehabilitation device, such as utilizing sensors, DC motors, hydraulics system and pneumatic artificial muscles.
In [1] , a full body suit of exoskeleton known as Hybrid Assistive Limb suit (HAL-5) has been designed. This full-body HAL-5 covers all of the lower and upper limbs to support and augment the joint torque. There is another type of invention of HAL series, known as the Hybrid Assistive Leg-3 or HAL-3. This device is designed for paraplegia patients who are paralyzed both the lower limbs (legs). The HAL-3 system encompasses of exoskeleton frame, actuator, controller and sensor [2] . The actuators are powered by DC Motors at each joint of the hip and knee. The actuator system of HAL-3 supplies sufficient energy to the lower limbs by the powered knee and hip joints [3] . The device utilizes myoelectricity sensors to gather data for the controller. The myoelectricity signal attached to the user leg functions to monitor the muscle activity and estimates the initial torques needed by the respective joint.
UESuit is one of lower extremity exoskeletons that utilizes hydraulic system and sensors [4] . The development of UESuit is based on the control system that aims to control the actuation of knee rotation through sensors. The device is claimed to aid and support the weight of a human body while walking, going upstairs and downstairs. Sensors are placed on the foot and they give response to the control system via pressure detection. However, the device does not support user's body balance and it only controls knee rotation using a hydraulic system. The actuation of knee joint is mainly actuated by a hydraulic cylinder.
Maeda [5] analyzed their prototype of knee exoskeleton that adopts pneumatic artificial muscles. The device uses pressure sensor at the foot that functions mainly to record the heel contact activity for gait cycle determination. However, it does not function as a trigger for the control system. The control system uses the A-A ratio and A-A activity concepts, which relate to the agonist-antagonist muscle-pair ratio and agonist-antagonist muscle-pair activity respectively. For experimental purposes, four pneumatic artificial muscles (PAM) are attached to a commercialized knee brace (SecuTecR Genu, Bauerfeind Benelux B.V.) vertically. In order to actuate steadily, two pairs of PAMs are structured on the left and right side of the knee brace.
There is another exoskeleton system that uses another type of common actuators. It proposes a magnetorheological (MR) actuator to act as a brake and clutch [6] . MR fluid actuator uses the concept of shear mode to provide and transfer the torque needed. The assistive torque generated by the actuator is transferred to the lower limb by the braces. In order to absorb the shock, an elastic element is attached to the bottom of the shoe, providing a protection to the system. The result from a simulation based on the prototype proved that the MR fluid actuator can provide enough assistive torque for the knee joint during walking condition as well as sitting down and standing up process.
This paper presents the analysis of a motion simulation of a developed prototype of rehabilitation device. The proposed design is expected to assist post stroke patients who encounter leg weakness problem, focusing at the lower extremity. The prototype was designed to operate using a single actuator as a power source. The concepts used are a combination of DC motor and mechanism of cam system to actuate both knee and hip joints [7] . The prototype motion shows good agreement with human walking locomotive. However, the performance of the mechanical system with respect to repetitive motion is gradually decreased. A newly improved design has been made in the modelling stage by adapting several modifications to counter the problem. The design needs to be ratified by motion simulation analysis before going through the fabrication process in order to reduce the risk of design failure. The analysis also demonstrates the relationship between the torque requirement of DC motor and the change of angular velocity of the cam. Figure 1 illustrates the new model of rehabilitation device that has been modified to overcome the problem of the existing prototype. It was found that existing prototype has problem with the stability of the cam mechanism in a manner of repetitive operation. Hence, the improvement of the existing prototype was to redesign the connector that links both the cam mechanism and shank link that was used as a typical pin joint. The connector has been changed to a universal joint connector, also known as a cardan joint. The cardan joint was able to transmit smoothly the motion of link to any angle. Therefore, in order to prove that the stability of the motion mechanism has improved, a simulation of motion for the model needs to be carried out. The motion simulation was performed using the SolidWorks software. The motion conditions of the model were imitated in such a way that the prototype functions as close as possible to the real application by considering the gravity, the weight of materials used and the weight of the user's leg when the device is attached to the user. Generally, the weight of each human leg is about 10% of the total body weight. This study used 80kg body mass as a reference. Therefore, the effective mass for the user's leg is 8kg. All related weights were calculated and transferred in the form of vertical force on the foot joint, as shown in Figure 1 . Figure 2 demonstrates the profiles of linear velocity of the device on each angular displacement of the cam. The profiles show that there was no overshoot of data and a smooth movement on the whole revolution of cam rotation even when the speed of cam rotation was increased. It is proven that the movement of the device was stable and not jerking. The profiles also indicate that there were negative values of velocity, which were represented by the device when it was in the orientation of knee flexion. In addition, the output value of linear velocity of the device has a good agreement with human gait speed. The device needs to operate under the average normal walking speed for the convenience of rehabilitation. The average pedestrian gait speed is about 4-5 km/h. This study used a range of motor speed from 11 rpm until 20 rpm in order to have a linear velocity of the device in a range of patient's capability. The subject or patient usually started performing the rehabilitation therapy below 1km/h and gradually increased the walking speed to allow the gait adjustment and minimize the risk of disruption. Meanwhile, the maximum speed indicated for 11 rpm, 13 rpm, 16 Figure 3 and Figure 4 regarding the response of DC motor on motor torque and power consumption respectively. The profiles of the result from all input speeds in Figure 3 were very close to each other and a lot of data were redundant. The detailed explanation and relationship of the profiles are discussed in the statistical analysis section. 
Simulation Setup and Results

Statistical Analysis
Statistical study needs to be implemented in order to justify the trend of relationships between the angular velocity of the cam and several responses. It is important to investigate in detail whether there is a significant change in the response when there is a change or no change in the angular velocity of the cam. Table 1 and 2 show the statistical comparison of the different angular velocity of the cam based on two responses, namely the motor torque and power consumption. The motor torque and power consumption are responses parameter for the DC motor. It can be seen clearly that the speeds of the cam give different effect to these two responses. According to Table 1 , there is no significant difference between 11 rpm with 20 rpm, 13 rpm with 20 rpm and 16 rpm with 20 rpm, which in view of the statistical analysis, all the calculated p-values are greater than 0.05. It shows that when the speed of cam rotation is set to increase, there is no effect on the value of the motor torque. However, the power consumption is more sensitive to changes in angular velocity. Based on Table 2 , different setting of speed produces significantly different results since the p-values are lower than 0.05. The comparison between 11 rpm with 13 rpm does not show any significant result. In contrast, different speed of cam rotation does not give significant difference on motor torque (p-value is larger than 0.05). 
Conclusion
This paper presents an improved design of a prototype of a rehabilitation device. The focus of improvement is on the lower extremity, which covers the rotation of both the hip and knee joints. The analysis of the improved design was performed in the modelling stage using a motion simulation. Cardan joint was introduced as a part of the modification to the device. The modification was proven to be able to counter the problem of the mechanical movement occurred in the prototype. Results from the motion simulation verified that a smooth movement and rotation of the device could be achieved by producing non-jerking data of the linear velocity profile. In addition, the simulation was performed using several values of input, which reflect different angular velocity of the cam. The output profiles of the linear velocity of the device showed the development of a smooth manner, and subsequently demonstrated that there is no effect of mechanical stability problem with the change of cam speed rotation.
The simulation motion of the device was also carried out to investigate the response of motor torque and power consumption produced by DC motor. The response of motor torque and power consumption was presented on the different angular velocity of the cam. Detailed analysis of the relationship between those data was conducted using a statistical study. From the statistical results, it is proven that there is no significant difference in the response value of motor torque when the input angular velocity is increased. This result can be used as reference to determine the required capacity of the DC motor suitable for the device without worrying about the alteration of the cam speed. On the other hand, the value of the power consumption changes significantly when the value of cam speed is increased. This is an expected result since the linear velocity of the device is also increased; hence, it requires more power for a DC motor to operate.
